m 



i 



:fore, 0: 
rces? Th^ 

knovr how grer.t the acceleration forces are; 2. How is the air 
preseurc distriTouted on the hull? 3. How are the acceleration 
rces distributed'' 

' " ' irst consider the " forces and their distribution. 

The cases ox the incli ned airflovJ are indeed kno^. We can tell 

* From "Eerichte und Abhanilungen der 7/issenschaft lichen Gesell- 
schaft filr Li^itfahrt" (a su-oplement to "Zeitschrift fur Flugtechnik 
und Motorluftschiffahrt"), March, 1924, pp. 55-59. x 




- ~ , t e resulting air for'^e i.3 ard -''i 




t not ho-; it originated. Experiments in this connection have 
been hitherto uridei:tr<.ken only by G. Eiffel (published in 1914), 
ho measured th^ aerodvuamic pressures along several meridians 
and at different inclinations on the bare models of the "Clement 
Payard" and "Fleurus" thus rendering it pocsible to undertake 
c.ppror.imate integrations around several thin disks and determine 

3 resulting lateral pressures. Fig. 17 gives the curves for 
these presCTires. They snow that the head of the airship is un- 
der positive presVare, but the tail is drawn toward the airflow, 
which explained the location of the K components in front of 
the nose of the airship, T/e may therefo^-e consider these curves, 
friction being aisrep^rdsd, as the desired air-pre3&UTe curves. 
Since they have an alii^>st constant appearance on boch the "Clem- 
ent Bayard" and "Fleuras" for £.11 inclinations, ve can take, as 
the basis ior our further discussion (since we mst resort at 
times to assumptions), a fundamental ojltvb which can be so shaped 

that it can be readily plotted from the knorm Cn ?nd Cm val- 
ues. In the bottom diagram, this fundamental curve is plotted 
in conjunction rith the curves of the "Fleurus," because the 
latter comes the nearest to our shapes. Of course, the complete 
load diagram also includes the horizontal fin and elevator 
forces, which cen, however, be determined accurately enough as 
trapezial and triangular loads vi ch a length corresponding to 



the control surfaces and with the location of the center of 
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gravity corresponding to the center of pressure of the control 
surfaces. Tie can thus plot the load curve for any inclination, 
size of horizontal fins and position of the elevator, when the 
airflor is straight ahead, as, e.g., on an airship in horizontal 
night. Hov. is the air precsure affected during evolutions, as, 
for example, in curving flight and in squalls? In order to an- 
srer this question, ve nrast investigate individual cases more 
thoroughly. In Fig. 18, the airship is flying in a circle and 
receives an air pressure v/hich is directed inward and whose re- 
resultant passes through the center of hcjioyancy. The airflow 
is deflected so that the air pressure is greater in the middle 
than at the nose, and the velocity of flovr varies throughout. 
If, therefore, we can not avail ourselves of experiments with 
models of r. new tyoe (i.e., sone l<iac' of revolving apparatus), 
we must make assumptions. The load diagram is the same here as 
in rectilinear flow, although in reality, on account of the great- 
er air pressure in the middle, it is less pronounced and hence 
more uniform. j;oreover, we are not concerned about the direction 
of the flor with reference to the center of buoyancy and, like- 
wise, reg?.rding the speed of the airship, but we assume the max- 
iimm air force N with rectilinear flow and a given thrust. 
Thus, e.g., we find, according to the rules governing the calcu- 
lation of the longitudinal stability, that the shape 1505 gives 
nearly the maximum value for the U component, if it is to pass 
through the center of buoyancy, at an inclination a = 15:2 



N.A.G.A. Technical Memorandum iTo. 276 



0B3 and BCD, it may be readily deduced that 

Pg = I e nd V, = V ^ 

s 

in uhich the r.ng^alar velocity of the airship. The flow ir 

therefore deflected concentrically about the center, as if the 

airchip rere Hyinf: in a circDe. The case of simultaneous fligh 

and rotation is actually verv rare, since the rotation is usually 

caused only by a rosultrnt lateral force, so that the usual case 

(e.g., in oscillations of the airLiiiip) is 'i combined rotation 

and circular ilic;ht. Fig. CO gives the flow diarrram for the la^ 

ter case. From the sinilarity of the tTian^.3le ECD to 0'3S ano 

of BSD to B"^^^ ;ia7 b3 likewise daauced that 

pit 

0 - — -i— and = v — 

0 2 

i.e., the airflo:; in c:rculrr flight ^-ill he deflected still more, 
if the airship turns at the angular speed u) with respect to p 
In circular flight, hoy^ever, if the airship retains its inclination 
to P^, it rrakes, v^itl: respect to a fixed line in space, the turr. 



^ P 



Hence, v/e mry rrrite 



'2 (i)^'^ a)4-^'i 



From ^^i 



follows that the deflection of the flow is di- 



rected only accoiding to the angular x^elocity u)© of the airship 
..ith respect to the hori^.ontal rlane or ^ith respect to the north 
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1 



and south plane. This holds good "ooth for calm and moving air, 
but not for giists, -ince r mist is a local disturbance in either 
quiot or unifo3'mly niuving air and is contrary to the previous 
assumption of homogeneity. If a horizontal section is made 
through a gust, thare is obtained the diagram (Fig. 21) of veloci- 
ties with respect tc the surrounding air regsirded as at rest. 
If these velocities arc combined Trith the sr)eed of the airship, 
the lo'7er diagram is obtained, which can represent the flo:? for 
an airship flying ir. a gust. It resembles the cui-ved flow vrlth 
which we are already acquainted, excepting tl-iat the cuive is not 
everywhere concentrjc and the velocities do not increase regularly 
outvi^rd. 

Nevertheless, jt rnr.y be said that the air precmre does not 
^iffer materially :.o.a chat during the turning of the airship, 
more e^jpecially a3 the pLeaomenon does not take place without a 
turning of the airchip. From an inspection of all the flow dia- 
grams, we can repeat -vhat we said in connection -jith cr.rcular 
flight, namelj'', that, in all cases, the load diagram and likewise 
the corresponding mximum On values cpn be taken fron the di- 
rect flow. T:e n-;3Ci only to compute the following casei:, in order 
to embrace all other canes. 

1^ Maxirxim air Inxce in the center of buoyancy of the 
airship, acceleration foices distributed according to the^lifts 
(circular flight). 



Maxinium bAt force in the oblique T)03ition with extreme 
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radder deflection (circular flig^ht and turning). 
3* ICaxirnum rudder force • 

4. Airship heavy in the r.iddle and supported aerodynamical ly. 
In Fig. 22, the first case for the shape 1505 is confuted. 
The maximum value for the 11 component of the air force is 

N = 0.1108 V^/^q 

in which q = the dynamic pressure for a = and 3=0^. The 
maximum bending moment is reached at 0.55L and is 

M, = O^OOS V^^^q L. 

This form of the e^rpression can be apDlied to any other air- 
ship, if the volumetric efficiency is approximately the same, 
namely, 6 = 0.34L^, In determining the maximum bending stress, 
however, this is r.ct the decisive moment, but another Fhose ratio 
to the moment of resistance reaches the highest value at the time. 
The moment of re^iistdnce or dra^ of the airship is compared in a 
practical manner vath that of the thin-walled tube and written 
as follows: 

^7 = TT r^ d, 

in which r = raci?us of cross-section and d = thickness of wall. 
If the cross-section is a circle and the material of uniform 
thickness, instead of dividing the moments found by the temporary 
W values, we can so compute the moment curves that they will ap- 
ply only to the maxlmam cross-section. In this case, if r^ = the 
radius of the principal cross-section, the reduction factor would 
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be rVr^^, or more exactly (since the thickness of the wall alsc 
decreases with r) r^/rQ^. 

The thus reduced and M3 curves are found in all the 
figures. In the present instance, the reduced maximum- iroment is 
M3 = 0.0081 V^^^q L, or also M3 = 0-0723 N L. 

In the next case, the motion of the airship is a combination 
of a transverse displacement of its center of iDuoyancy • and a 
rotation about this point* The transverse acceleration in all 
cases equals 

p, - 

On the other hand the angular eccreleration is 

€ = N e 

in which e dipt-rce cf 17 component from the center of buoy- 
ancy and K = radius ol gyration of the air displacement V 
with respect to its axis passing through the center of gravity* 
We do not here take the polar moment of inertia of all masses 
with respect to the center of gravity, which would be more cor- 
rect, but the axial moment of inertia, as if all the masses lay 
in the ship's axis, thus simplifying the process while giving 
almost the same remit. Moreover, we do not take the inertia 
m^oment of the weights, but of the volumes and multiply it by 
7/^, because we can assume, without affecting the accuracy. 
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that the weights are distributed correspondingly to the lifts. 
Lastly, we consider the phe-^— on as a lateral motion of the 
airship, in ccnnecticn rrith ^vhich there are no further axial 
forces to -take into account. In vertical motions (e.-?., the mo- 
ment of stability) trim and other axial forces would have to be 
considered, which v;ould go beyond the scope of our general dis- 
cussion. Most airshipc, on account of the walk.vays, etc., resist 
vertical bending more than lateral bending, so that we can dis- 
regard the dietinction- 

The acceleration force of a disk of the thickness dx is 

dQ=p|Fdx+€ (0.5582 L - x)| F d x, 

in which the quantity 0.5rS026 L = the distance of the center of 
buoyancy from the trailing edge- From this expression we can, 
however, obtain 

a, . H (^) r^) (f.-) [, . (0.5582 - ^) 5 ^] d (i) 

or 

dQ = N ^ fl-^ 1 -H Co. 5582 - ^ 21.2 1 d f^^ 

in ^hich F = area of cross-section at the point x, 
Fo = area of largest cross- section^ 

L^/K^= 21.2 by computation and remains the same for all 
distance ratios, when 6 is moderate. 

Fig* 23 gives the corresponding curves and integrations* 
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N = 0.117 V^^q 




(-^,7T- = 0.2375, = O.T^^ 

F 



is foarjd by ccrroutetion. The rwxinrjn rcxiuced bendin"? moment is 




: , = 0.0105 V'^3q L 



■', = 0.038 N L 



Still larger bending momentB are obtained in case 3 by work- 
inff the r,idc?er. In Fig. 34, for the pake of gimplicity, the 
values N = 1 and e/L = 0.438 are adopted. A maximun value 
thus obtained, TJhich, however, already lies in the field of 
e fins, of 

M3 = 0.3S3 H L, 

more comiroiily calculated, when vario-as locations of the force 
N are adopted, to<;?:.the'' the momentc for the position 0.35L 

where the leading edge of the fin lies 



{0.Q2B ^ - 0.23^")N L 
^3 = llj 1.57 = (1.3 I - 0.364^ N L, 



or, vrhen x = distance of center of rudder force from rear end of 



airship 



= (0.362 - 1.3 f N L. 



— = 0.12 may be adopted as an extreme case and then 



3 = 0.206 N L 
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This force ll is cowDUted, with Hhe aid of the diagram (Fig. 9, 
Part I') on the basis 01 -.lie iolloring data: 

|i = 0.15, -|-,-3- = 0.2o75, 
with trailing edge of rudder at 0,1L and B = 20°, to 



= 0.068 V^/3q 0.0558 V^^^q, 



so tha.t we obtain for the bending moment a maximum value of 

M3 = C.0115 V^^^q L 

This value remains approximately the same for larger rudders, be- 
cause the resulting cenxcr of prescure on the rudder then moves 
nearer the center of buoyancy^ 

Regarding the bending f?:om the acceleration forces, there 
regains only cree ^, namely, rith the airship heavy or light in 
the middle* Ord^iif^rlly^ thic case would introduce nothing espec- 
ially ne77, since it can b3 ^-pared with case 1. Heaviness or 
lightness at the ends likewise causes no special stresses, since 
load and support are related in their nature. On the contrary, 
we may term an airship heavy or light in the middle (e.g., the 
emptying of one or t'jo cells as a heavy case), since load and 
support here differ greatly from each other, as shcvn by Figs* 
25-26# In fact, the greatest stresses are thus caused, e*g%. 



according to Fig- 26, 



= 0.0185 V^^^q 
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whereby - 

N ^ 0.117 V^'^* q. i 

If care is taken, hcverer, that the ir.crcase or decrease in Treight j 
airship, ix re il^ y linited to a ctort space, does not ex- i 
ceed a certain amount (bey, the lift of one to two cells), it j 
can only be deternift'ed for cpch cece, - j whether the value • 

found for M3 is attained in practice. The emptying of cells \ 

I 

is a darago, T;hich can al^vd^^s be diminished by releasing or trans- 
ferring; ballast. 

Aside from this exceptional cace, 7;hirh, rnoveover, affects ] 
only the vertical beiding^ the aeflection of the rudder exerts 1 
the greatejt str^fr^ses on the airship. The here possible value ' 

- 0.C115 V^'^'q L I 

must no?^ be ver'... ^ this respect ncnrigid air- 

ships are the oer-l, igidity of the hull is the re-- ' 

suit of the inflation ?nd the functioning pressu.re and is only 
increased until deforriiations disappear or cause no further trouble^ 
Such v;as PL27, a type lying in the field of our discussion, I 
which made about ?4 m (737 ft.) r^er second and rhich, during its 
life'cf nore than t\7o years, nustered the v;orst squalls Trith only i 
20-25 kg/m^ (4.1-5-1 lb. /sq.ft.}. The deformations in the verti- ■ 
cal plane ^rere ^xt noticervble and the maxirmm bending in the hor- 
izontal plane aiu riox exccou . If ;ve should assume, however, 
that the rigidity of the airship would be overcome at an operating 
pressure of 20 !:g/m^ (4.1 lb. /no. ft.), we rould come to the con- ^ 
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elusion that the bending moment and internal pressure depend (in 

-^-onrigid ai - ...pe is at the yielding point) 

on the following fjTii.uld. 

24 = 2^ Pra» 



vhich Jy - iTiOTnent of inertia of the bare envelope, plus the 
^Tease from stiffonings, and = gas pressure at the equator 



plus the operating pressure^. The walkway was braced inside, and 
also with respect to the hull, by diagonal steel wires, so that 
it must be included in the celcalation. Under the given condi- 
tions, duralumin and fabricr are so related with respect to elon- 
gation that a force of ICO leg (820 lb.) woald stretch a strip of 
fabric- 1 m (o.23 ft.) wide 120 tir.es as tmch as it would stretch 



kiralumin rod of 1 cms (O.irn sq.in.) crose-ssction. Hence, 



e have a corab?.nv^tion girder with the following morrent of inertia: 



Jy = 2470 I- 3.5 X 180 X 1^ X 2 + 2.6 X 120 y 0.5^ x 2=3466 m^' 

i 

I 

V.Tien the precsure gage reads 20 kg/m^ (4.1 lb. /so. ft.) the 



pressure Pm. is 



p_, = 20 + 1.16 X 11.0 = 32.8 kg/m = 



so that the bending morrent nust be 



Thi at V = 24 m (78.7 ft.) per second, 
q = 36 kg/ru* (7.4 Ib./sq.ft-) 
I - 157 m (515 ft. ) 
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3 



and an air dlsplacerent of 32CCC (1,130,000 cu.ft.), hence 
. ^ = 1009 m-' (lOe.'O c'-'.ft.). i7e can nOTT *rrlte 

ji. = X V^^^ q L 



at 



56850 ^ X IOCS X 36 X 157 = X 570000, 



X ^ 0-01, 



while we have proviout^ly fourd x = 0.0115, i-c, our computations 

on the ba^ir. of zero^^^nr.rxvAcpl e:^perirnent3 rer? rot ur.rarranted 
ana the iraxirr.um vala-^s arj nard y -^otained in practice* We may 
consider it a rule that every airship must be able to withstand 
a bending ncrrexit cf I. - 0.01 V^^q L. In addition to bending, 
shear and torsion aLtso pAay a certain role. Since, however, this 
question is closclv connected rith the question of the strength 

the individu-1 z':3 affected by the forces (e^g., the fins 
and rudders), it belongs to the realm of construction and does 
not need to be expressed here# 

On the other hand, the maximum fin and rudder load is worth 
knowing. We may here abide by the previously calculated 
maximum values of Cn, "by saying (with the same right as we de- 
duced the maximum bending moments from the maximum air forces 
with consideration of the decrease in speed) that we can deduce 
the surface loading from xhe same forces. The following table 
gives the On values from the pievf.ons calculations. 
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Reduced 
values 
A r~B" 



Total 



0.82 ~ 52.0 52.0 

0.392 ! 34.8 ~ 34.8 

0.333 29.6 21.1 50.7 

0.284 31. Q 18.0 49.0 



The rudder pressure here xaVen with respect to 3 Fr, since, 
as we have previously soen, the center of pressure, in great de- 
flections, lier at abo it 0.5 the aepth of the rudder from the rudder 
axis. If we futthei oun&ider that only 73>^& of the pressures calcu- 
lated arc exerted cn the control surfaces, we arrive at fin pres- 
sures ^ith zero rudder deflection: p = 0.254 q and raaximun pres- 
sure on the rudder and its vicinity: p = 0.38 q- For v = 35 m 
(115 ft.) per second, re -vould thus obtain 19.5 and 29 kg/m^ 
(4 and 5.9 lb. /sq.ft.). 

In conclusion^ we will add a "brief discussion on increasing 
the size of airships. We have seen that the maximum bending mo- 
ment may be expressed by the formula 

M --• 0.01 V^'^q L 

and that v;e can offset this moment -^ith an internal presi^ure, which 
may be found as fol''.ors 

^"3 
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in rhich x = the coeff irient for -^he noraent of inertia of the 
cross-sectio:-. : to i-.,s a>-i<j. Or 



'6 



in which n = L/?r, so that ali 



^ 6/3 

Pni = 0.0435 q. 



If we consider the mean inside pressure ac the counter- 
pressure against the axte^- - ^ ^otc^g, on the basis of this formu- 
la we can say: 

1. The counter-pressure varies directly the dynamic pres- 



sure. 



2. It increases considerably T;ith the elongation ratio of 
an airship. 

3. It remains the same for large and small airships, from 
which it follows that; 

a) Long airchips should be avoided, since they have neither 
aerodynamic nor structural nor navigational advantages; 

b) There appe&rs to be no objection to increasing the size of 
airships. IPox nonrigid airships, this leads indeed to s'maller 
pressures while flying, since ppj = the operating pressure plus 
the gas pressure et the equator, which increases with the size of 
the airship. , 



Translation by Bright M. Miner, 
Kational Advisory Gommittee 
for Aeronautics. 
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Fig. 21 
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Fig. 21 FlOTT in a gust. 
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Fig. 26 Air forces and eeperate loads, 



